There is growing evidence that deficits in neuronal plasticity underlie the cognitive problems seen in fetal alcohol spectrum disorders (FASD). However, the mechanisms behind these deficits are not clear. Here we test the effects of early alcohol exposure on ocular dominance plasticity (ODP) in mice and the reversibility of these effects by phosphodiesterase (PDE) inhibitors. Mouse pups were exposed to 5 g/kg of 25% ethanol i.p. on postnatal days (P) 5, 7 and 9. This type of alcohol exposure mimics binge drinking during the third trimester equivalent of human gestation. To assess ocular dominance plasticity animals were monocularly deprived at P21 for 10 days, and tested using optical imaging of intrinsic signals. During the period of monocular deprivation animals were treated with vinpocetine (20 mg/kg; PDE1 inhibitor), rolipram (1.25 mg/kg; PDE4 inhibitor), vardenafil (3 mg/kg; PDE5 inhibitor) or vehicle solution. Monocular deprivation resulted in the expected shift in ocular dominance of the binocular zone in saline controls but not in the ethanol group. While vinpocetine successfully restored ODP in the ethanol group, rolipram and vardenafil did not. However, when rolipram and vardenafil were given simultaneously ODP was restored. PDE4 and PDE5 are specific to cAMP and cGMP respectively, while PDE1 acts on both of these nucleotides. Our findings suggest that the combined activation of the cAMP and cGMP cascades may be a good approach to improve neuronal plasticity in FASD models.
Introduction
Fetal alcohol spectrum disorder (FASD) is an umbrella term for a variety of conditions affecting the children of women who drink alcohol during pregnancy. The effects of early alcohol exposure are wide ranging and can vary from subtle behavioral changes to severe mental retardation (Guerri, 1998; Riley et al., 2004; Rasmussen et al., 2006) . Recent epidemiological studies have shown that FASD is the leading cause of mental retardation in the western world (May et al., 2009) .
There is growing evidence that deficits in neuronal plasticity underlie many of the neurological problems observed in FASD (Rema and Ebner, 1999; Savage et al., 2002; Medina et al., 2005; Thomas et al., 2007; Medina and Ramoa, 2005; Medina and Krahe, 2008; Vaglenova et al., 2008) . Ocular dominance plasticity (ODP), which is seen in the primary visual cortex of mammals, is a commonly used model of sensory-induced cortical neuronal plasticity. This type of plasticity has been used to study the mechanisms that underlie neural plasticity in general; sharing common mechanisms with learning and memory such as dependence on the NMDA receptor (Bear et al., 1990 ) and the transcription factor cAMP/calcium-dependent response element binding protein (CREB) (Mower et al., 2002) .
The mechanisms of ODP have been well established, and comprise changes from the molecular (number of receptors, expression of plasticity-related genes), to the cellular (dendrites branching and pruning) and behavioral (loss of vision) level (Antonini et al., 1999) . With this variety of observable effects, ODP can be a powerful tool to investigate how external insults (such as alcohol exposure) can affect neuronal plasticity.
In rodents ODP plasticity is evident in the binocular zone of the primary visual cortex. In this area, neurons present different degrees of binocularity; from cells that are equally responsive to stimulation of either eye, to cells that respond almost exclusively to one eye (Métin et al., 1988) . When both eyes are receiving normal input, the binocular zone is dominated by responses to the contralateral eye. However if the contralateral eye is sutured closed during the critical period of the visual system, which is roughly between postnatal days (P) 19 and 32 in rodents (Cang et al., 2005) , the eye dominance of the binocular zone shifts to respond primarily to inputs from the ipsilateral, open eye (Smith et al., 2009 ). This shift in binocularity is seen in mice after as little as 1 day when a mechanism similar to long term depression (LTD) plays a role in a suppression of contralateral eye inputs (Frenkel and Bear, 2004) . After 5 days of MD, mechanisms similar to long term potentiation (LTP) act to increase the strength of the ipsilateral
